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DECLARATION OF DR. CATHERINE GERARD 

L I, Dr. Catherine Gerard, a citizen of Belgium and residing at 36, Kastanjeboslaan, 
1640 Sint Genesius Rhode Belgium, Belgium, declares the following with respect to the 
invention described and claimed in the patent application 09/581976. 

2. I have received the foUovmig academic qualifications: 

• Bachelor's degree in biology in 1983, Free University of Brussels, Belgium; 

• Ph. D. in biological sciences in 1989, Free University of Brussels, Belgium. 

I am an employee of GSK Biologicals. I joined SmithKline Beecham Biologicals (the 
predecessor of GSK Biologicals) in 1996, as a Scientist in the R&D Department. I have been 
working on several cancer vaccine projects, including HPV-induced lesions and tumors; I am 



currently research Senior Scientist heading the preclinical tumor immunology group. I am an 
inventor of the above case. 

3. I have read and am familiar with the Office Action dated August 28, 2001 , and with 
the prior art cited in the Office Action. The prior art does not suggest the need for an 
improvement of HVP antigenicity. 

4. At the time of filing the patent application, it was established that the E6 and E7 genes 
fi-om HPV 16 were potential antigens to target HPV 16-induced lesions or tumors by 
immunotherapy (Chen et al., 91). It was also known that these antigens can serve as tumor 
rejection antigens. CTL raised against E6 or E7 from HPV16 can in certain circumstances 
have a therapeutic potential on E7 expressing murine tumors. Nothing was known however 
about whether E6 and E7 proteins of HPV 18 could exert similar effects. 

5. Furthermore, the best way to induce CTL against these antigens was not known. The 
publication published in 1997 by Boursnell et al. describes one way to achieve the induction 
of CTL against E7 proteins using a recombinant vaccinia virus. They describe the generation 
of the recombinant vaccinia virus coding for mutated, less oncogenic forms of the E6 and E7 
antigens. Despite the fact that this recombinant vaccinia virus is shown to induce CTL at least 
against E7 of HPV16 (there is no demonstration that this is achieved by HPV18-derived 
proteins), however, the role or fiinctionality of the CTL induced is not demonstrated, let alone 
in an efficacy tumor model. 

The use of proteinD as a JUsion partner for E6, E7 and E6E7 fusion is not obvious. 
The prior art does not suggest either that the increased immunogenicity can be achieved with 
the combination of such an HPV antigen with a CpG oligonucleotide, 

6. In our patent application 09/581 976, we describe another, novel, way to induce potent 
CTL against an early HPVl 6 antigen, in particular against E7 antigen from HPVl 6, which is 
based on the use of a recombinant purified E7 protein produced in E coli, fiised to helper 
epitopes provided by a portion of a bacterial protein (PD) and fijrther formulated with CpG 
ODN used as adjuvant. Moreover, not only do we demonstrate the effectiveness of the CTL 
induced in an E7 expressing tumor model, but we also show that in addition to CTL we 



induced a broader immune response, including CD4 proliferation and although less 
pronoxmced, an E7-specific antibody response. These results have been generated with a 
protein-based approach. 

7. The importance of CD4 T cells is now well established in the context of tumor 
rejection. These cells could either have a direct lytic activity on the tumor, or provide an 
indirect help to CDS T cells through the secretion of appropriate cytokines. When an 
exogenous protein is injected it is generally taken up by antigen presenting cells and 
presented mainly in the context of MHC class II to CD4 cells. It was not obvious at that time 
that a vaccine made of a purified protein formulated in an aqueous solution with CpG ODN 
would lead to the generation of CTL and would lead to tumor rejection. Our data show that it 
is indeed the case suggesting that the presence of CpG as adjuvant has helped the protein to 
be delivered into the APC in a different pathway which lead to presentation in Class I HLA 
and CTL activation. 

8. Concomitantly to oxjr experiments, the publication fi-om Chu et al. (published in 
November 97) confirmed that CpG could work as an adjuvant that switch on THl immxmity, 
this, at least when combined to the Hen Egg Lyzozyme (HEL) antigen. It was however not 
obvious at the time this paper was written and at the time we were conducting our 
experiments that CpG ODN would work with any other antigen, let alone with a cancer 
antigen. 

9. Late antigens fi-om HPV like LI or L2 are known to form VLP which are 
immunogenic by themselves and induce antibody responses able to protect against HPV 
infection. 

10. I declare that all statements made herein based on my own knowledge are true and that 
all statements based on information and belief are believed to be true; and fiirther that the 
statements are made with the knowledge that willfiil false statements and the like are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 



States Code, and that such willful false statements may jeopardize the validity of the above 
application or any patent issued therefrom. 

Date: January^?^, 2002 

Calierine Gerard, Ph.D. 
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Human papillomavirus type 16 nucleoprotein E7 is a tumor 
rejection antigen 

(tumor iiitttiuiaiy/liTFainittwurffdIlBnee/iinmimoihw 
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ABSTRACT li has beett fipocnliited ctidt trnmimolagical 
DiochonlHiB play an bnpiirtaiit role in tfac control ot<BrdnMias 
associated widi hnmoii papSlomavlniB (HPV), sneh as csr<ical 
ameers. We have now demonfitrated that hnmimlntlon of 
CaH/HeN mice by syngeiidc nonmrnortgEdlc flbroblaaMike 
cbUb that contain the tranfleectod HPV.16 E7 gene eonfenod 
protectbn agabiat tranqOantcd ceDs firem a HFV-ld £7. 
posttlva «yaeende tumor- Hds proteedon was HFV-lti Ef- 
vpecifle and was mediated by CDB+ lympUacyMi which p» 
ramaUy were cytotoorie T lymphocytES. Itese resolta Indloite 
tiiat tnmor edls eantafnlng HFV-16 E7, dttaer as a resnlt of 
transfbcfiont aa tn onr AtndtiB, or naturdlys as ooeon bi many 
human carcliioniaSy can Indiice a tumnr«pecl£ic r^odlon 
retiponge and Bcnw as targets Cbr a respon se, Tli e qrstem 
docrlbed hare provides an animal model to ftntber study 
Immune responses to HPV-Bssodated malignancies nndm (est 
the efficacy of antl-HPV vacdnev toward die dusnipy and 
prevention of Qoeb tomortii 



Hie goal of cancer research has been to identify nimor 
maikerB that can be u«ed as taigets for the sdective desinic- 
tion of neoplastic eeUs, and it has been hoped shiee the thne 
of Panl Ehiiicb that such markers may be detected in the form 
of tumor antigena. 

The demonstration of tumoi^apccifiG tiaosplantation anti- 
gen CTSTA) among todent tumors induced by eertalii DKA 
viruses (1, 2) provided much encoin^gcment that this goal 
may be fUlfUied: tumors induced by, e.g. . the simian vims 40 
(S V40) possess a highly specific ISTA and the expression of 
this TSTA is c^sely associated with the neoplastic pheno- 
type (3). However, actempis to find analosous antigens in 
human neoplasms have fSailed to yield condusive informal 
don- 
Human papillomavirus (HPV) genes and then' products 
have been identified in most cervical carcinomas aa well as In 
other anogenital carcinomas (4» 5). Of the more tlian 60 types 
of identified KPVs (6), HFV-16 is one of the types most 
commonly associated wilh severe cervical dysplasias and 
caucers (5, 7). Certain early expressed viral genes and then* 
protehi producis, esprcially the £7 nndeoprotcin of HFV-l^, 
have been demonstrated to play key roles in botb the trans- 
formation and maintenance of the malignant phenotype in cell 
culture systems (8-11). It is of interest that the E7 opuj 
reading frame (ORF) encodes a molecale homnlogous to the 
SV4Q large tumor antigen (12), ^i^dch is a T^TA expressed by 
an SV404nduced tumors. Although there has been rapid 
progress toward the imderatandhig of the molecular biology 
of HPV-16 and clinical studies have linked ccitani HFY types 
to cervical cancers* the roles of host Immune responses 
against HPV-ossociazed tumors remain unclear. 



The pobUcfitioit costs (tf this ariiete were detkaycd in pan by page charET^ 
paymeat , TMs arcfde muse dterefoie be ticreby mazJoed ' '4dv0rtfrffni«>ir' ' 
in accordance Mih IB U.S.C, 91734 solely to indicftl^ this fba. 



If some HPV oncoproteins could serve as TSTAp efficient 
immunotherapy may be developed (13), We have, for this 
reason* introduced the mV-16 E7 gene into a nontumori- 
genie, major histocompatibility complex-class I-posiave, 
murine fibroblast line so as to present any putative HPV-16 
J^-encodedl^TA as ah irnmunbgen to mice* which arc then 
challenged with ceils £rom an HPV-16 £7-po8Utve ayngoieic 
melanoma line. We report here that immunized mice were 
protected against a challenge wl^ the HPV-16 ^-positive 
melanoma oellB. that this protection was immunologically 
specific, and that ii was mediated by CDS*^ lymphocytes. We 
conclude that the HPV-16 £7 gene encodes a TSTA that may 
provide a highly specific target for immunotherapy atid 
immunoprevention. 

MATERIALS AND METHODS 

MIee. Female C3H/HeN ttrice, 6-10 weeks old» were 
obtained firom Charles River Breeding laboratories, 

CeQ Unes. Hie K1735 mdanoma line subclone M2 (le- 
fened to as "par*' cells) (14) and NCTC 2553 fibroUastHsell 
line CAmerican Type Culture Collection) ^ere of C3H/HcN 
mouse origin. All cells were maintained at 37t: in Dulbecco's 
modified Bagle*s medium containing (vol/vol) fetal calf 
serum (Sterile System, HyQone), 100 units of penicillin per 
ml, and 100 mS of streptomycin per ml (referred to as 
'^medium"). 

Constmetlon of die HPV-16 E7 and E6 Evpreasion Vector 
pCDMB/ET and pCDM8/E6. The HFV-16 DNA cksned into 
pBR322 has been described (15) and was generously provided 
by L. Gissmano of Deutschcs Kfeb^orschungszeotnim, 
Heldetberg. A 374-baS6^air Tag l^Psi I fragment containing 
the edcire HPV-16 B7 GKP was cleaved firom the HPV-16 
genome and subdoned into the hitermediate plasmids piG2QR 
and pic20H (16) to introduce a HindUl site al the 5' end of the 
£7 gene so as to insert the S7 gene into Hin^ni-Psi I sites in 
the mamnialian expression plasmid pCDMS (Invitrogen, San 
Diego). To construct the HPV-16 £]5^xpressh« vector, a 
D4e I fragment containing the entire HFV-16 E6 ORF was 
subdoned into plasmids pOS62 (17) and pio20H Q£), then 
isolated as a HinWl~Xho I fra^nent, and Ugated into the 
JTiadni- and Xho I-digested pCDMS to produce pCDUB/B6 
(Fig. 1). Colottiea were screened for the described insots, the 
appropriate clones were amplified, and their DNA was pUp 
rified by CsCl/ethldhun bromide equfiibrium centtiftlgation. 

Tranaffeetlon. pCDM8/E7 or pCDM8/E6 (20 /ig) and 
PMCIPOLA plasmid (1 /le), which contains the gene encod- 
ing neomycin resistance (Stzatagene), were eotrans&cted 
into par and NCTC 2555 cells by the calcium phosphate 



Abbwvialionsi CTL, oytotoadc T lymphocyte; HFV, humannapU- 
lomavtru&s mAb, monoclonal antibody; ORF, c^en reading name; 
FC!R, polymerase chain reaction; RT, reverse transodcrtion: T9TA 
tumor-siE>eeific transplantaUen antigen; SV40, simian vmiB 40. 
*To whom respriat requests should be addressed. 
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F»o 1 Conalniction of the HPV.16 £7^prta8ing bbsmid pCDM8/E7 and the fS-expressing plaamid pCDM8/E6. The ewu« H*»V-16jB7 
or B^'ORF ™ iJ^Sd ffiie J/MdlxSS?!^^ of pCPM8 pfa^midj. di^whBcream of the cytome^aloWru* 

(CMV) promoter and upsiKam of tha SV40 polyCA)+ Bisnal. Tl* figure is tux diuwii to bcbIo. kb, KflobMe(s). 



technique (18)- Approximately 48 hr after transfection, the 
cells were spUt into a selective medliuin containing 1 mg of 
Genetidn (GIBCO) per ml. Ten days later individiial clones 
were picked, expanded, and screened by RNA dot blots. 
Several ^/-positive clones, including one pazwSerived done, 
E7C3. and two NCTC-dorived clones, N7^ and N7.4. wcare 
expanded for fiuther cbaracterizBtlon. Several £]^posithre 
clones were also expanded. One of these clones. N6.g, was 
used as a negative control in some experiments. 

Niidetc Add Analyds. Cytoplasode RKA from individual 
tiansfectants was isolated as described (18). Cytoplasmic 
RNa (1 ^ was used as template for the amplifioadon 
reactionB. The first-strand cPNA was synthesized by using 
murine leukemia vims reverse transcriptase (19). The bufEer 
for reverse transcription (RT) containing denatured KNA 
samples, 1 fig of denatured random hexamerp all four dNTPs 
(each at 1 mM), 10 mM sodhim pyrophospbato (Boefaringer 
Mannheim), 5 mM dithiothreitoL 10 units of RNosin 
(^mega), and 18 units of murine leukemfa reverse tran- 
scriptase (Life Sciences. St. Fetersbuig. FL) were incubated 
fbr 1 hr at 42*C and subseqiuently at lOtTC f6r 10 mln. The 
supernatants were used fbr the polymerase chain reaction 
(PCR)< The oligonueleotide primers used for tbe PCR were 
HPVA22 (5'-GCATaaAOATACACCTACATTO-3') and 
HPVA20 (5'-TGGTTrCTOAOAACAOATGG.3') (DNA 
F^tory, San Diego)- The cDNA fr^mients expected to be 
amplified were 292 base pairs, Tlie PGR mixture from Oene* 
Amp DNA amplification Rcagenl Kit (Peridn-Elmer/Cetus) 
contains an four dNTPs (each 200 ^kM)» 1 $M primer 
HPVA22, 1 fsM primer HFVA20. various cDNA synthesized 
by RT, and 2.5 units of Thermus aquaticia 0NA polymerase. 
pCDM8/E7 plasffild (1 was used in the PGR as a positive 
controJ. The PCS. (denatumtion at 94°C for 1 min, annealing 
at 50^C for 2 min, and extension at 72*C for 3 min) was 
performed with DNA Thermsl Cycler (Peridrr-Bbner/Cetus) 
In 33 cycles. The FOR products were fractionated by elec- 
trophoresis on a 1% agarose gel and transferred to nitrocel- 
lulose filters. Tfae filter was hybridized Under standard con- 



ditions a8) with '^-labeled DNA fr-agments containing the 
B7 ORF. The filters were washed at 68^, air-dried, and 
exposed lo x-iay film at -TO'C. 

Ttanr Cell Ikdplantaiion and Mensorane&l of Tumor 
Growth. M3ee, in groups of five, which had either been 
immunized h& indicated or untreated, were each given a 
single subcuianeoua iiuection on the shaved right sides of the 
back of 4 )c 10<^ cells from par or HPV-lti £7-transfectant 
B7C3, Tumor size was assessed by messuiing two perpen- 
dicular diameters in millimeters by a caliper at regular 
Internals for each animal. Hie results were expressed as 
mean diameter of tumors. 

CDS'*' Cell Deidedoo in Vivo, Mice were iniected mtrapeft-: 
toneaHy with 1.0 ml of ascites fluid diluted in phosphato- 
bufiered saline (PBS) and containing '^l mg of an anti-CDS 
moBodonal antibody (mAb) (clone 11&13.1, lBG2a; Amen- 
can Type Culture Colleetion). As a control^ ascites fluid was 
used which contained isotype-matched anti-CD5 mAb (clone 
10.2, kindly provided by L. K, GiUiland). Its concentration of 
IgG was matched with that of the anti-CD8 ascites fluid, as 
determined by I^agon serum protein gel eleetropharesis 
(Beckman). ^ , 

fluereseence-AettvBted CeD Sorter Analyals. Single^ 
suspensions from spleens were incubated With anti-CD4 
(clone 0K1.5) or snttCDS (done 53-6) mAb conjugated with 
fluorescein isothiocyanate (kindly provided by J. A. Ledbet^ 
ter) at 4X for 30 mln> washed twice with medhim, and 
analyzed on a Coulter Epics.C FACS IV, as described (20). 

RESULTS 

Eipresaoil of flio HPV-l^ E7 Oeoea in Itansfeoed Marine 
Cdl Lino. To test wheth the two murine cell lines, par and 
KCrC 7SSS, expressed the HPV-16 E7 gene after transfectioa 
with the pCDM8/B7 plasmid, 24 clones from each line were 
screened by RNA dot-blot assay (data not shown)- 
of these clones that gave a positive signal were then examined 
by radioimmunoprecipitatioa using specific anti-E7 antise- 



112 * Immunology: Chen et ai 

rum. W6 found that E7C3 cells express E7 protein ai a level 
comparable to that seen in CaSki ceUs, a human cervical 
cancer cell line. However, the E7 was not detectable above 
background in N7.2 and N7.4 (data not shown). We further 
examined expression of E7-specific mRNA in these trans- 
fectants. This was done by random-primer extension of 
cytoplasmic UNA with reverse trans^tase to synthesize 
firet-Btrand cDNA and by the PCR to amplify ^ cDN A. The 
PGR products were then hybridized with >*P-labeled £7- 
specific probe in Southern blot analysis. Fig. 2 shows that 
£7-5peeific PCR products were detected from three trans- 
fectants E7C3 (par origin), N7.2, anfl N7.4 (NCTC 2555 
origin), but not from their parental cell lines. In conirol 
experiments, mRNAs were isolated from these transfectants 
and were pretreated with DNase-free RNasc before RT-PCR, 
No specific PCR product was detected (data not shown), 
indicating that r^fculis shown in Fig. 2 were not due to DNA 
contamination in cytoplasmic RNA preparations. 

IndticdoD of Tomor^pednc Tkansplanlatien Inunonlty to 
HPV-KS E7. To demonstrate whether transplantation immu- 
nity ci)uld "be induced ag^nst an antigen associated with 
HPV46 ^-iransfectant cells, we injected two NCTC 2555- 
derived nontumorigenic transfectants, N7,2 and N7.4p intia- 
peritoneally into C3H/HeN mice. These mice were subse- 
quently challenged in the same day subcutaneousty by a 
tumorigenic dose of E7C3 cells or the same amount Of par 
cells. Fig. 3A shows one of five similar experiments. The 
results demonstrate that mice inoculated Intraperitoneally 
with a control cell line N6.8 (a NCTC 2555-derived clone 
transfected with the HPV-16 Efi gene in a pCDM8 vector) 
developed tumors rapidly after E7C3 cell chaltense, while all 
mice inoculated with N7.2 cells developed tumors only 
transiently, Mice immunized with N7.4 cells also demon- 
strated significant protection against tumor challenge. Fig . SB 
shows (hat ^immunization of mice by N7.2 again conferred 
complete protection a^nst oballenge of E7C3 cells. Mice 
inoculated with PBS or a NCTC-denved transfectant CL19 
(provided by M. Kahn), which expresses a human tumoi^ 
associated antigen p97 (^« 21), did not display any ftfotection 
from E7C3 challenge. Fig, 3C shows that the immunization of 
mice by N7.2 did not confer protection against £7-negative 
parental K1735 (par) cell challenge. We conclude finom these 
resuhs that immunization of mice with HPV-16 £7 transfec- 
tants induces E7-aped£ic transplantation Immunity to cells 
expressing the HPV*16 £7 gene. 

CW^ Cdb Mediate tfie KegrcBlon of E7C3 Tomor Induced 
by N7.2 Twimnnin tiiin. Cytotoxic T lymphocytes (CTLs) are 
central In the removal of virus infected or transformed cells 
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Fig. 2. Southern bkvt analysis of RT-KR products flrom cyto- 
plasmic RNa of HFV-16 £7 transfiBetants. Lanes: pCDU8/E7, 
pCDM8/E7 plftsmid, amplified by PCR as a posldvc con ttoliN 7.4 
and N7.2, NCra555^vcd HFV-16 B7 Iransfcctants; NCTC2555, 
the negadve contniU E7C3, par<lerived HFV-16 fi7 transfcctant; 
par, negative oontrd. T^tfeciant mRNA (1 ind was oscd in d)e 
RT-FCR and 1 ng of pCDM8/B7 pla&mid was used in th« POl. bp, 
Bose pairs. 
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Fio. 3. Gro«trth of murine melanoma cell Mne B7C3 (par cdla 
Oiinsfteted with the HFV-16 £7 gene) CA and B) and par fdls (^ 
negaihre) (C) in syngeneic C3H/HeN mice Immunized with NCTC 
2555fibnibIaBt9 that have been transfected with the HPy-l6K7geee. 
CA) Omups of five mice were ff ven an intraperitoneal injectiofn Of 5 
X cells fixim N6,8 (NCTC2555-derived HPV-16 JBS tranafBCtam) 
or txt>m either N7.2 or N74 (NCTC2555-derived HPV-16fi7 trans- 
fectants). (B) Mice we immunized with 5 x 10» N7^ or CL19 eeUs 
(NCTC25S5-derived pOT transfectant) or given PBS. In both panels 
this was followed on the seme day by 4 x 10'' B7C3 oellft (ran&planied 
on the fiht sfde of the back of mice. (C) Oroups of five mice were 
ghren an incrapentoneal inJecUon of 5 x 10^ N7.2 cells or FBS 
followed on the same day by 4 x 10* par cells transplanted on the 
ri^t side of the back of mice. 

(22). To determine whether lymphocytes expressing the CDS 
maiker of CTLs are involved in the tumoi^spedfic transplan- 
tation immunity induced by immunization with the HFV-16 
£7 transfectant, mice that had been immunized by N7,2 cells 
were treated by an anti-CDS mAb* Fig. 4 shows one of three 
sinular experiments demonstrating that N7.2r-lmmuaized, 
anti-CDS mAb-treated mice devdoped progressive tumors 
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Pio. 4. Effbct of aflti<CD8 antibody treatment on the nmior 
growth of mice Immunized by N7.2 cells, Grwips offive C3H/HcN 
mice were given an intfaperitoneal irueciion of 5 x lir N7.2 cells and 
1.0 ml of PBS^ilutcd asefies fluid containing 1 mg of ant»CD8 n^b 
or, as control, an anti-(n)i5 mAb, This was fbllowed on the same day 
by a second miecdon or4 X 10^ B7C3 ceils on die right side of the 
back of mice. 
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aNTIBQOIES U9ED FOR »N VINA? DEPLETION 
ONTI^CDS ANTI-CDB 




Flo. S. Flow cyiomctiy analysia rf apl^"*^*^.,^^'^ 
trcBied with oii«a>B mAb (W^W gr mice treated with a«t^CD5 

drtcribed in FiR 4. Spleens ^re rBmoTed day 21 ^J^^J^ 

primes rf control group f^«n«^J^l™i??."**^.*^^ 
analewconhiB&ted «pti-CD8 and and-CD4 onUbodicB. (Ri fAO Staimng 
profile aplenocylca from nnti-CDS-depleted mice «e ahown. A 
total of 10* calls was analyzed in eaph panel. . 

after challenge of a mmorigcnic dose of E7C3 ce«a, whor^ 
N7.2-immUDtod mice filroUaily treated by a «>ntnjj 
CD5) mAb remained resistant to ohaUenge wttb E7C3 ceUs. 
After iidcctioci of the ailtl-ODS mAb, the lymphocjje pomi- 
latioos were examired to verify depletion of CDS oeUs. 
Fhiorosccnce^vated ccU sorter a?aJyB? ff^ 
from mice 21 days after treatment with mAb 116-13,1 dem- 
onatrnte >90^ depiction of the CD8+ cells as compared to 
crcaiment of anti-CPS control mAb CKfi. 5 Vpptr), As shown 
in FSg. 5 (f^rtv^r), there was no change in the CD4 subset 
after treatment with mAb 116-13.1 as compared to mice given 
the adtFCD5 control mAb. ShnOar fluorescence-activated 
cell sorter profiles were obtained ei day 5 after mAb inJeodon 
(data not shown). We conclude that the HPV-16 E7^pe<dfie 
transplantation Immunity observed was primarily mediated 
by CPS* cells and assume that these cells were CIX-s. 

DISCUSSION 

Wc have demonstrated, in a mouse systemp that transited 
ceQs which express the HPV.l6 £7 gene can nidticc a tumor 
r^ectioA lesponse and serve as its taigct. Our data nirtber 
indicate that CW* T lymphocytes are responsible for the 
tumor rejection observed. 

Nonmalignant NCTC 2555 fibroblasts expressmg the 
HPV-16 £7 gene as a rosuH of transfeocion were used as ti» 
immunogen to confer protection against challenge with 
HPV-16 ^-transfecced K1735 mslanomA cell^. The lesponse 
observed cannot be attributed to any antigen sharedby 
NCTC 2555 and K1735 cells because imnmTdzaiion by NCTC 
2555-derived cUwea (CL19) did not protect agBinst E7C3 oeU 
challenge (Fig. 35) and faecanse immunization by N7.2 eelia 
did not confhr protection against chaHenge with JS7-iie^tivc 
K1735 par cells (Fig- 3C). The r e8|>on&e must be ^eetfic for 
the HPV-16 E7 antieen because protection againBt £7- 
eXpivBains luoior cells E7C3 was observed in mice immu- 
Dized with cells expressing E7 antigen (NTJ.Z and N7.4) but 
not in ndce immatdzed with ccUa expressing E6 antigen 
0^6.8) (Fig. 3A). Furthermore, in a preliminary experiment, 
we found that mice immunised by N6.& r^ected K1735 cells 
exproas KFV-l£ (data not shown), but not those 
exttressing HPV-16 £7 (Pie. 3A). 

It has been shown chat the HFY-16 £7 gene product can 
transactivate the adenoviius £3 heterologous promoter (23), 
and the E7 protein regions that are responsible for tlie 
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itanSBctivation activity have been mapped by pointBuita»on 
analysis (24,25). ThisraiscstbepossibHity that the B7pretcin 
expressed in the transfected cell line may also transactivate 
other cellular genes whose products could act as targets Jot 
tumor i^ection or enhance the immune responses to £7- 
expressing tumor cellfl. ^«4.^ n 

The most likely assumption is , however, that CDS T cells 
m the immunized mice are CTU and recognize Some small 
frSAmtints from intracelhilaity processed E7 peptides that are 
prSented at the surface Of HFV-16 E7 tranaffcctants in the 
context of major histocompatibiUtycompleK class I pole, 
culea (26, 27). Although the H-2KT5'' clasa I molecidca of 
C3H/HeN mice can bo detected by flow cytometry m the 
NCTC 2555-derived tr«nafect»nts» N7,2 and N7.4, they are 
not detected m ceUs from the K1735-denved transfieciant 
E7C3 used fdr challenge (unpublished data). An an^gw^s 
observadon has been made by Tanaka et at. (28) «^o 
reported that animab immunized by human adenftvirns typo 
li-transformed cells that expressed dass I gene as a touU 
transffection could waect adcnovinis type l^-ti^nfflomed 
ceUs that had not been transfected and cxpr^ed ■^«y jw^ 
levels of class I antigen. Wc have observed that the E7C3 
cells can be induced to express hi^ levels of dass I antigen 
when treated with intfitfiaron (unpublished data) and ape^ 
late that interferon or some other cytoldnea present at the site 
of transplanted B7C3 cella can uprcgulate the expression of 
dass I molecules on these tumor cells to a level that mates 
them accessiblte lo killing by CTLs. We al?o ftjind ftatE7 
proteiD could be detccied in E7C3, but not m N7.2 and N7.4 
SbUs. in radmhnmunopredpitatirti expert ^ffftii^ 
shown). This result indicates that E7 protein present at a Ujw 
level ondciectahle by ladiotamunopreopttarion can »^ 
recomdzod by CDB^ T lymphocytes. A similar result has 
been leported by Townsend cr al, (26). who found tiiat the 
mfhienza nuclear protein hi several L-ceU clones that bad 
been transfected with the corresponding gene was not de- 
tectable by immunopredpitation. Nevertheless, these dones 
could be spedficaUy lysed by nuclear pretein-spociflc cyto- 
toxb T lymphocytes, 

Our demonstration that HPV-16 £7.oxpnwBing cdls can 
elicit an immune response and that this rdsponse can lead to 
raiection of £7-conlaining tumor cdls suggesis that manipu- 
lation of a patient's unmunc system by ushig. for examspte. a 
racombinant vacdne ffO, 29) or a purified antigen m aifau- 
vants (30, 31). may make possible the itnmunoth«^and 
immunopreventlfln of human cancers cKpressingthe HFV.X6 
£7 gene. 
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